Studies were performed to characterize the morphology and vascular reactivity of the allografted cerebral microcirculation. Cerebral cortical tissue was allografted into the cheek pouch of the hamster so that cerebral parenchymal vessels could be studied. The vascular morphology was characterized by a large number of looping vessels. The ultrastructural examination indicated viable cerebral tissue containing typical vessels, that is, "tight" junctions, not like those of the cheek pouch. Also, the microvasculature was impermeable to 150, 70, and 20 kDa fluorescein isothiocyanate dextrans. Angiotensin II and norepinephrine caused constriction of the cerebral vessels whereas adenosine caused dilation. Isoproterenol did not affect cerebral arterioles; however, it dilated cheek pouch arterioles. Thus, this preparation provides a satisfactory model for studying the living cerebral microcirculation. (Circulation Research 1988;63:758-766) 
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Studies were performed to characterize the morphology and vascular reactivity of the allografted cerebral microcirculation. Cerebral cortical tissue was allografted into the cheek pouch of the hamster so that cerebral parenchymal vessels could be studied. The vascular morphology was characterized by a large number of looping vessels. The ultrastructural examination indicated viable cerebral tissue containing typical vessels, that is, "tight" junctions, not like those of the cheek pouch. Also, the microvasculature was impermeable to 150, 70, and 20 kDa fluorescein isothiocyanate dextrans. Angiotensin II and norepinephrine caused constriction of the cerebral vessels whereas adenosine caused dilation. Isoproterenol did not affect cerebral arterioles; however, it dilated cheek pouch arterioles. Thus, this preparation provides a satisfactory model for studying the living cerebral microcirculation. (Circulation Research 1988;63:758-766) V isualization of the surface vessels of the in situ brain has been used extensively to study the cerebral microcirculation. With this technique, it has been shown that topical application of norepinephrine 1 and angiotensin II 2 -3 constricts, whereas adenosine 4 dilates, pial vessels. However, because of the lack of a suitable experimental preparation, no information is available concerning the responsiveness of in vivo cerebral parenchymal vessels to various vasoactive drugs. The present study describes such a preparation in terms of its microvascular morphology and its vascular reactivity to several endogenous agents. The preparation provides a unique model for studying the cerebral microcirculation in normal and pathological states.
Materials and Methods

Allograft Procedure
Neonatal hamsters (<24 hours old) were used as donors for the cerebral tissue that was subsequently allografted into the cheek pouches of adult female hamsters weighing 120-160 g. This allograft procedure, described by Greenblatt et al 5 and modified by Click et al, 6 was completed under sterile conditions. Using sterile techniques, longitudinal slices of cerebral cortex from decapitated neonate hamsters were placed in sterile lactated Ringer's solution. The recipient hamster was anesthetized with sodium pentobarbital (6.0 mg/100 g body wt i.p.); the hair on the left side of the head was shaved and the skin was cleaned with water, washed with hexachlorophene detergent cleanser, and covered with povidone-iodine. After the cheek pouch was everted and cleaned with warm water, a baseplate attached to a holder was inserted into the cheek pouch. A longitudinal incision was made in the skin exposing the underlying cheek pouch membrane, and the avascular layers were removed. A small slice (<1 x 1 mm square) of cerebral cortex was positioned on the cheek pouch membrane and penicillin G (6,000 units) was placed around the edge of the membrane. The top plate, containing a plastic wrap-covered window, was inserted over the baseplate and sealed. The skin was secured around the top plate with a purse-string suture, and the top plate was sealed with surgical tape. Each hamster was given penicillin G (6000 units s.c), allowed to recover on a warm heating pad and returned to its hanging cage. Thereafter, the hamsters were allowed food and water ad libitum, and at 3-5 days postoperation they were given an additional dose of penicillin G.
Microvascular Observation
Ten to 14 days after the cerebral tissue was allografted, each hamster was anesthetized with sodium pentobarbital, tracheotomized, and the fern-oral artery and vein were cannulated for measurements of blood pressure and infusion of fluid, respectively. The hamster was transferred to a heated (36 ± 1° C) microscopic stage and the top plate was secured to a movable, microscopic stage. Suffusion of the cheek pouch membrane, cerebral allograft, and overlying plastic wrap was begun with warmed (36 ± 1° C) Ringer's bicarbonate solution equilibrated with 95% N 2 and 5% CO 2 (pH 7.4). With the aid of a dissecting microscope, the plastic wrap was removed and suffusion of the cerebral tissue and underlying cheek pouch was begun. To transilluminate the allograft preparation, one end of a fiber-optic light rod was inserted into the cheek pouch of the hamster and positioned under the well of the top plate while the other end was illuminated with a Zeiss 100-watt mercury lamp (Zeiss). Observation of the cerebral allograft and underlying cheek pouch membrane was accomplished via a Zeiss microscope using x4.0, x6.8, or x 10 objectives, respectively. The image was projected through an optivar lens (x 1-2 magnification) and an image rotator into a binocular eyepiece or a closed-circuit television system consisting of a Cohu 4400 camera, videotape recorder (Sony) and a monitor (Conrac), or a 35-mm camera (Minolta).
Vasoactive Stimulation of Microvessels in Cerebral Allografts
After 10-20 minutes of equilibration, a cerebral microvessel with brisk flow and few adhesive leukocytes was identified and located by its gross anatomic characteristics. A micropipette then was manipulated to a point approximately 5-10 /im from the outside wall of the vessel. The micropipette was positioned beside the microvessel, and the agent was administered with a flow rate of 10 /xl/min for 2 minutes. The internal diameter of the microvessel was measured continuously during the application of the test agent and for 2 minutes after the termination of the application. Then the vascular diameter was measured every 30 seconds for the next 6 minutes. When the vessel had returned to within 10% of its control diameter, the procedure was repeated using another agent or a different concentration of the same agent.
Micropipettes were made from 1.5 mm microfilament, glass capillary tubing, pulled with a horizontal micropipette puller (David Koft 700c) and ground down to a tip diameter of 10-15 jam. Micropipettes were back-filled by pressure with either angiotensin II (0.5 pg/1), norepinephrine (0.2-20 g/1), adenosine (1.9-19 g/1), or isoproterenol (0.24 g/1). Before positioning the micropipette beside the microvessel, each pipette was attached to a manipulator, and a constant infusion pump was set to deliver a volume of 10 yM min. The internal diameter of the microvessel was measured through the closed circuit television system via a video micrometer (Colorado Video Co., Video micrometer 305). The output from the micrometer was recorded on a Brush 4-channel recorder.
Using morphological criteria by direct in vivo microscopy, two different types of cerebral arterioles were selected for study. One cerebral arteriole was selected as it related to the direction of blood flow and the formation of a capillary loop, termed loop arteriole; the second type of cerebral arteriole selected did not give rise to a capillary loop and was termed a nonloop arteriole. Also, in one portion of this study corresponding cerebral venules from looped and nonlooped capillaries were selected for study. Both of these types of cerebral arterioles were identified by their position with respect to the underlying cheek pouch microvessels. That is, the cerebral microvessels were always in a plane of focus above the microvessels of the cheek pouch and all of the cerebral arterioles appeared to be fed by an arteriole branching from a cheek pouch arteriole. Further, cheek pouch arterioles and venules were selected for their comparable sizes.
Eight hamsters with cerebral allografts and two hamsters without cerebral allografts were used to investigate the response of microvessels to repeated applications of angiotensin II. In the cerebral allografts, 11 looped and 10 nonlooped arterioles and 8 postcapillary venules were subjected to repeated testing of angiotensin II. Eight cheek pouch arterioles were studied: four from two hamsters with cerebral allografts and four from two hamsters without cerebral allografts. In both sets of experiments, after the appropriate microvessel was selected, angiotensin II (0.01 pmol) was applied to the vessel for 2 minutes. The response was monitored continuously for 10 minutes as described previously. The tissue was equilibrated for an additional 5 minutes; then angiotensin II was applied to the same microvessel and the response was remonitored. Thereafter, a different microvessel was selected and the testing of angiotensin II was repeated in a similar manner.
In a separate series of experiments, doseresponse testing of norepinephrine (0.1, 1.0, 5.0, and 10.0 pmol) and adenosine (10, 100, and 1,000 pmol) was completed on 14 hamsters with cerebral allografts and on three hamsters without cerebral allografts. After an appropriate microvessel was selected, doses of either adenosine or norepinephrine were applied to the microvessel and the response was monitored as described previously. This was continued in a random manner until the complete series of dose-response testing for both norepinephrine and adenosine was completed. A different microvessel was selected and the entire series of dose-response testing was repeated.
In a separate series of experiments, the effect of topical applications of isoproterenol (1.0 pmol) on cerebral arterioles and cheek pouch arterioles was investigated. Six cerebral arterioles were tested, two in each of three hamsters with 10-14-day-old cerebral allografts and six cheek pouch arterioles were tested also, two in each of three hamsters.
Morphological Characterization
Cerebral allografts were prepared for microvascular observation at 10-14 days after grafting. In six cerebral allografts, photographs were taken of the entire cerebral allograft using a Minolta 35-mm camera with Kodak Tri-X pan film with x4.0, x6.8, and x 10 objectives. To describe the entire allograft, overlapping photographs were taken, developed, and reconstructed to define the allograft in a montage fashion. The film was developed in Dektol and 2 x 2-inch prints were completed on Kodacrome RC paper. Subsequently, photographic reconstructions were completed for each cerebral allograft at the three magnifications.
For better observation of cerebral microvessels and for qualitative comparison, the leakage pattern of large molecules in the cerebral allograft was determined using fluorescein isothiocyanate dextrans (FTTC-dextrans 150, 70, and 20 kDa). Each hamster was injected intravenously (1.0 mg/100 g body wt in a 5% saline solution) with the fluorescent dextrans via the femoral vein at 1-hour intervals after pentobarbital anesthesia and preparation of the cheek pouch for in vivo microscopy. That is, initially FTTC-dextran 150 kDa was given, 60 minutes later FIGURE 3 . Further subsection of the montage presented previously. Depicts "looped" cerebral microvessels.
(Magnification, X120.) FITC-dextran 70 kDa was given, and another 60 minutes later FITC-dextran 20 kDa was given. Photographs of the allograft were taken with a 35-mm camera and Kodak Tri-X pan film at 1, 30, and 60 minutes after the application of each of the fluorescent probes. The film was developed in Kodak Acufine developer and prints were completed on Kodak Kodabrome RC high-contrast paper. Fluorescence was observed using an excitation filter (KP-490) and a barrier filter (510 nm band pass) placed in the light path and optical path, respectively.
For morphological examination, cerebral tissue was allografted in cheek pouches using the same technique as described above. On the same day of physiological testing, cerebral tissue in the cheek pouch of these control hamsters was fixed in situ by suffusing for 15 minutes with fixative containing picric acid, paraformaldehyde and glutaraldehyde (PAPG). 7 By observing with transmitted light, cerebral tissue and underlying cheek pouch tissue were removed, fixed in PAPG overnight by immersion, rinsed in Sorenson's phosphate buffer and postfixed in 1% osmium tetroxide in veronal acetate buffer. The tissue was dehydrated in ethyl alcohol and exchanged in propylene oxide followed with a mixture of 50% propylene oxide and 50% epoxy resin. The tissue was embedded in epoxy resin (Araldite 502) in flat molds with orientation for transverse sectioning through the cheek pouch and underlying cerebral tissue. Sections 1 ^im thick were cut and stained with alkaline toluidine blue, and a sample from each cheek pouch was subsequently sectioned at 70 nm thickness using a diamond knife and a Sorvall Porter-Blum MT 2 ultramicrotome. The sections were mounted on 200-mesh copper grids, stained in uranyl acetate for 3 minutes, and then in lead citrate for 1 minute. Photography of the sections was performed using a Philips 201 electron microscope (Philips Electronic Instrs., Mahwah, New Jersey) and Du Pont Litho film (Wilmington, Delaware). Subsequent printing was completed using Kodak Kodabrome 11 RC paper. The tissue then was evaluated for ultrastructural characteristics of viable cerebral tissue.
Results
For the in vivo morphological study, six hamsters were prepared successfully with cerebral allografts. Within 7-10 days all allografts had good blood flow. A low-magnification photographic montage of the cerebral allograft is shown in Figure 1 . This is a representative section (4 mm 2 ) of the cheek pouch containing the cerebral allograft. In the montage, the short, wide arrow depicts a cheek pouch arteriole that diverges with each branch coursing through the cheek pouch. A cerebral arteriole, which originates from the aforementioned cheek pouch arteriole and supplies a portion of the cerebral allograft, can be observed as demonstrated by the long, thin arrow. This area of the montage is enlarged in Figure 2 . Again, the short, wide arrow indicates the cheek pouch arteriole and the long, thin arrow indicates the cerebral arteriole. Tracing the cerebral arteriole to its origin, one can observe that it branches from the cheek pouch arteriole. The distal portion of this cerebral arteriole branches into small (<10 ^m) vessels that merge into the venular system of the allograft, whereas other branches of the cerebral arteriole appear to form loops and the efferent vessels from these loops merge into the V*- venular system of the allograft. The venular collecting system from the allograft joins the venular system of the cheek pouch microvessels. This is observed in the upper center of the montage. The looped vessels of the cerebral allograft presented in this figure are shown at higher magnification in Figure 3 . The cerebral vessel beginning in the upper center of the photograph forms a cerebral loop, and it is the arteriolar portion, whereas the vessel emerging from the loop is the venule, which empties into the collecting system of the allograft. Thus, one of the most striking features of the cerebral allograft is the presence of these looped microvessels, which are not seen in either the cheek pouch microvasculature or the microvessels of any other tissue allografted into the cheek pouch.
The allografted cerebral tissue was located beneath the dermis of the cheek pouch, subjacent to the muscle and connective tissue layers. No special staining techniques such as those of Golgi, Nissl, or Weigert were performed; however, while it was not possible to determine the layer of the cortex, features characteristic of neural tissue were evident. Figure 4 (upper panel) illustrates numerous axons at various segments and sectional planes. Microtubules are indicated in the longitudinal section (A) and several synapses are indicated by arrows. Organelles including nuclei, mitochondria, plasma membranes and profiles of endoplasmic reticulum were preserved well. A capillary with tight junctions, characteristic of cerebral microvessels, is demonstrated in the lower panel of Figure 4 . A tight junction is indicated by an arrow at the apical surface of adjacent endothelial cells at both sides of the vessel. To the left of the capillary, a synapse also is indicated by an arrow. These samples were from 10-day-old allografts; thus, the tissue was well preserved without indication of necrosis. These observations confirm that the allografts were maintained as viable cerebral tissue.
When FITC-dextran (150, 70, and 20 kDa) was administered, little if any, extravasation was observed in the cerebral allograft. This is depicted in Figures 5A and 5B , which were taken 30-40 minutes after administration of dextran 150 kDa or 20 kDa, respectively, to the same hamster used for the preceding montages. Neither field shows any 
FIGURE 6. The effect of various doses of adenosine (circles) and norepinephrine (squares) on cerebral arterioles at 10-14 vessels per test (solid lines) and cheek pouch arterioles at 3-5 vessels per test (dashed lines). Each line represents a logarithmic regression and all values are mean±SEM. The response of all microvessels to the vehicle, saline, is represented by x.
significant leakage through the cerebral microvessels; however, the presence of the looped cerebral microvessels is accentuated. The dose-dependent effect of adenosine and norepinephrine on cerebral and cheek pouch arterioles is shown in Figure 6 . The responses of looped and nonlooped cerebral arterioles to either adenosine or norepinephrine were not significantly different; thus, the results from both of these cerebral arterioles were combined. The onset of the response of cerebral arterioles to adenosine was delayed and reached its maximum value during the latter half of the 2-minute application. The initial diameters of these arterioles was 11 ± 1 /im. Using a logarithmic regression analysis (r 2 = 0.99), 8 we found that there was a dose-dependent vasodilation of all cerebral arterioles. This same type of response was observed for cheek pouch arterioles, and there were no significant differences in the slopes or intercepts of these logarithmic curves. 8 Norepinephrine produced a dose-dependent vasoconstriction of cerebral arterioles ( Figure 6 ). The onset of vasoconstriction was rapid and persisted for the duration of the 2-minute application. Using logarithmic regression analysis, we found that there was a dose-dependent vasoconstriction (1^ = 0.97). The same type of response was observed for cheek pouch arterioles, and there were no significant differences in the regression curves for norepinephrine.
In another series of experiments, the effect of repeated applications of angiotensin II was completed on cerebral microvessels and cheek pouch microvessels (Figure 7) . The resting internal diameter of these cerebral arterioles (21 tested) was 12 ± 1 fim for both looped and nonlooped arterioles. Since the response of these two types of arterioles was not significantly different, their combined responses to angiotensin II are presented in Figure  7 . The first test of angiotensin II (0.01 pmol) produced a significant constriction of these cerebral arterioles, approximately 40%; this cerebral vasoconstriction was not significantly altered (Student's paired t test, p<0.05) by a second application. Venules merging from these cerebral arterioles were subjected also to repeated testing with angiotensin II. The resting internal diameter of these venules was 20 ±3 /im. Angiotensin II produced a potent constriction, approximately 40%, in these cerebral venules, and this response was not significantly diminished by repeated testing. However, unlike the cerebral arterioles and venules, repeated testing of cheek pouch arterioles or venules produced a decreased response (Figure 7) . The internal diameters of both the cheek pouch arterioles and venules were 15 ±2 pm. Also, the initial response of the cheek pouch arterioles to angiotensin II was significantly greater (Student's unpaired t test, p<0.05) than that of the cerebral arterioles whereas the initial response of the cheek pouch venules was significantly less than that of the cerebral venules.
The vasoconstrictor response of cerebral arterioles to angiotensin II (Figure 7 ) was greater than for norepinephrine; the dose of norepinephrine had to be 100-fold greater to achieve a similar response. From Figures 6 and 7 , the response of 0.01 pmol angiotensin II was not significantly different (Student's unpaired t test, p<0.05) from 5.0 pmol norepinephrine but was significantly different from the 1.0 and 0.1 pmol doses of norepinephrine. 8 Again, these results were similar for arterioles in the cheek pouch.
Isoproterenol applied topically to cerebral arterioles produced no significant alterations in the lumen diameters, whereas isoproterenol applied to similar-sized cheek pouch arterioles produced a significant vasodilation ( Table 1 ). The response to a similar application of saline in either of the two types of vessels produced a slight increase in the lumen diameters (4± 1 %A control diameter). Cerebral arterioles that did not respond to isoproterenol responded to adenosine (10~4 M) with vasodilation.
Discussion
This is the first demonstration of vascular responses from cerebral parenchymal vessels in vivo. The cerebral tissue and subsequent microvessels were taken from young neonatal hamsters and grafted into the cheek pouches of adult hamsters; the vascular responses and morphology were studied after 10-14 days of maturation in this atypical environment. Thus, are these grafted microvessels (0.01 ptnol) . The number of microvessels tested is shown in parentheses. All values are mean±SEM. 'represents significant difference (p<0.05) between first and second test.
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The present experiments were not designed to answer this question, but there are a number of observations that would support the hypothesis that these grafted microvessels maintained characteristics representative of cerebral microvessels. From gross morphological observations, the vessels described as cerebral arterioles and venules during the course of our experiments were continuous with underlying vessels that were defined as cheek pouch arterioles or venules. The cerebral tissue with its microvasculature was maintained in a layer above the cheek pouch membrane; at the points of junctions between cheek pouch arterioles and cerebral arterioles, there was an outpouching of the vessel wall as if a "sprout-like" connection had formed.
From an ultrastructural analysis, the cerebral tissue contained not only microvessels, but also neural tissue (e.g., cells and axons). Further, as expected, this surrounding matrix was never observed in normal cheek pouch tissue or in cheek pouch tissue containing other allografts (e.g., renal, pulmonary, or cardiac). 69 - 10 The ultrastructuraJ morphology of the underlying capillaries or venules in the cerebral tissue revealed tight junctions between endothelial cells, supportive of the cerebral nature of these microvessels. This was qualitatively substantiated by the differential leakage of the three FITCdextrans probes from the cerebral tissue, that is, relatively little obvious leakage of the smaller probe from the cerebral tissue, whereas there was an increased appearance of this same probe from cheek pouch microvessels. 11 This qualitatively supports the very restrictive nature of the microvessels in the cerebral circulation. 12 From a pharmacological analysis, the response of the cerebral arterioles to the vasoconstrictors, norepinephrine and angiotensin and the vasodilator, adenosine, was similar to that observed in cheek pouch arterioles and arterioles from other tissues. 3913 -' 3 However, there was a differential response of the cerebral arterioles to isoproterenol, a vasodilator in most tissues. 16 -17 The cerebral arterioles were unresponsive to isoproterenol, 1415 whereas the cheek pouch arterioles responded with an intense vasodilation. Since Wahl et al 15 demonstrated that isoproterenol did not produce any significant changes in the diameters of pial arterioles in cats, this supports the present evidence that the grafted cerebral tissue and its microvasculature remained pharmacologically intact; thus, the microvessels of the cerebral allograft did not dedifferentiate to pharmacologically mimic cheek pouch arterioles. In fact, this implies that the grafted cerebral arterioles maintained vessel integrity and also were pharmacologically intact. This is supported further by a series of experiments testing the effect of ethanol on cerebral or cheek pouch arterioles. Cerebral arterioles constricted to topically applied ethanol whereas cheek pouch arterioles dilated (authors' unpublished observations). These results do not provide enough evidence to determine the exact nature of these cerebral microvessels as true cerebral microvessels or microvessels surrounded by and influenced by neural tissue, but they do provide strong evidence that these cerebral microvessels retain certain morphological, physiological, and pharmacological characteristics of cerebral microvessels, whereas the underlying cheek pouch microvasculature maintains its normal characteristics.
In recent years we have documented the microvascular characteristics of a number of tissues allografted into the cheek pouch of the hamster. 6 -910 Each of these tissues and their respective vasculatures have retained a number of morphological, physiological, and pharmacological properties of the normal, in situ tissue. For example, microvessels of the lung grafted into the cheek pouch maintain a hypoxic vasoconstrictor response, unlike microves- sels from any other tissue; further, capillary pressure measured in the grafted lung was 12 ±3 mm Hg. These values approximate values reported in various lung models. 18 Capillary pressure in the cheek pouch tissue is 24±4 mm Hg. 10 Therefore, not only is the functional pharmacology of the microvessels maintained in the grafted tissue, but the ability to regulate an important physiological variable, capillary pressure, also is sustained. Thus, numerous criteria can be applied to the classification of the grafted microvessels versus the microvessels found in the host tissue, the cheek pouch. However, whether the surrounding environment determines the physiological and pharmacological nature of the vasculature or whether it resides in the inherent properties of the microvessels themselves is an important and still unresolved question.
There are numerous studies describing the effects (or lack of effects) of vasoactive substances on both in vivo and in vitro cerebral vessels of a number of species. 16171920 With the exception of the preparation described by Dacey and Duling, 21 none of these previous studies employed cerebral penetrating or parenchymal vessels. Ln the Dacey and Duling 22 preparation, a penetrating cortical arteriole was obtained from the cortex of a rat and perfused in vitro much like an isolated perfused renal tubule. Although the latter preparation has certain advantages such as control of the intra-and extra-luminal environment, it has the obvious disadvantage of being studied under unnatural conditions (e.g., devoid of tissue matrix).
The most common in vivo preparations that have been used for studying the cerebral microcirculation are the open skull preparation and the cranial window, both of which provide access to pial vessels. 1 In view of the interest in the neural control of the cerebral vessels, the neurotransmitter norepinephrine has been studied widely. Although a number of studies report that norepinephrine constricts pial vessels, Navari et al 1 suggest that, at least in instances in which the open skull preparation is used, the constrictor response to norepinephrine is due to a high perivascular pH. They found that in the cranial window, which is maintained at a pH of approximately 7.4, norepinephrine does not cause vasoconstriction; however, when the open skull preparation is used where the perivascular pH is approximately 8.1, norepinephrine causes constriction of the pial arteries. In addition, the increase in pH itself causes a decrease in diameter of the pial vessels. The results of Dacey and Duling 22 using the isolated perfused penetrating cortical artery are in accord with the findings of Navari et al. 1 The former observed no vasoconstrictor response of these vessels to norepinephrine at a pH of 7.3, but did observe a vasoconstrictor response (although transient in 60% of the vessels) when pH was raised to 7.8. In the present study, the pH of the cheek pouch perfusate was approximately 7.4, and yet we obtained consistent constrictor responses to norepinephrine. The reason for this difference is unknown. There are reports that the response to norepinephrine is, to some extent, a function of vessel diameter. 20 However, we studied approximately the same size vessels as Dacey and Duling. 22 In both studies, penetrating or parenchymal vessels were studied and the range of concentration of norepinephrine was similar. In addition, both preparations dilated when adenosine was applied. One explanation might be that developing or young arterioles, that is, cerebral, respond differently to norepinephrine or that neural innervation of microvessels influences the response of these vessels to norepinephrine.
Adenosine produces a potent vasodilation when applied to the perivascular side of pial arteries. 2223 The present study as well as that of Dacey and Duling 22 shows that adenosine is also a potent vasodilator of cerebral parenchymal vessels. The concentration of adenosine in the brain is increased by hypoxia, 24 seizures, 25 ischemia, 26 and reduction of cerebral perfusion pressure. 27 Consequently, it has been suggested that adenosine is a regulator of cerebral blood flow. Although adenosine does not cross the blood-brain barrier readily, its local production may contribute to the intrinsic control of cerebral blood flow.
Although there are a number of studies describing the contractile effects of angiotensin II on cerebral vessels in vitro, 21619 -20 there are fewer reports of studies done in vivo. One of our purposes in using angiotensin II was to distinguish between cheek pouch and cerebral vessels since the former rapidly become tachyphylactic to the application of angiotensin II. Wei et al 3 found that angiotensin II constricted pial arteries in vivo and arterioles of the cat in a dose-dependent manner. They did not report observing tachyphylaxis. However, we have observed that all of our grafted microvessels from cerebral tissue respond in a nontachyphylactic manner to repeated applications of angiotensin II, whereas cheek pouch arterioles show a distinct time-dependent tachyphylactic response to angiotensin II. Most tissues in vivo have tachyphylactic responses to angiotensin II 13 ; thus, this response of the grafted microvessels may be due to their developing or young nature.
In summary, this paper describes the first in vivo preparation for studying cerebral parenchymal blood vessels. Further, we have characterized preliminarily the morphology, permeability, and reactivity of this living cerebral microcirculation.
